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To all whom it may concern: _

Be it known that I, Harry G. WensTTR, 2
citizen of the United States, residing in Chi-
ago, county of Cook, State of Iilinois, have
invented new and useful Improvements in
Telephone Systems; of which the following
is a specification.

‘My invention relates to systems of & kind
gencrally known as automatic ringing sys-
tems, the characteristic feature of which 1s
found in the fact that ringing current is ap-
plied to a called telephone line to ring the
telephone. bell intermittently or continu-
ously until the called subscriber answers,
whereupon the act of answering serves to
automatically terminate the connection of
the ringing circuit with-the line at whose
substation response has been made.

The object of the present invention is to
secure an improved and simple structure of
the character deseribed and 1s found in cer-
tain simplified civeuit arrangements for con-
trolling the current cut-off device for which I
preferably employ an electromagnetic relay.

Referring to the drawings, I have shown
in Figure 1 an application of my invention
to a trunk cord-cireuit adapted for use with
a two-wire multiple switchboard; Fig. 2
shows an application of my invention to a
local operator’s cord for use in con-
nection with & two-wire muitiple switch-
board; Fig. 3 shows a modified form
of the invention applied to a loeal op-
crator’s cord-cireuit for use in connecting
subscribers’ lines in- a three-wirs multiple
switchboard; and Fig. 4 illustrates the n-
vention applied to a local cord-civeuit for
connecting subseribers’ lines in a three-wire
multiple switchboard, thé drrent-discon-
necting relay being so arranged that but a
single winding is required therefor, whereas
in the preceding figures each such relay has
two windings. :

Referring first to Fig. 1, at A is illus-
trated o subscriber’s substation circuit con-
nected by a metallic circuit with the ex-
change and there provided with the custom-
ary line relay 1 which confrols call signal 2,
the cut-off relay 3, and the line jacks 4 of

o £n

\ 4. . o L . i \
Tocal operstor’s cord-circuil is illusirated,

Specifcation of Letiers Patent.

ing current to a
“while the
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comprising the answering plug 5 and the
calling plug 16 having tip and sleeve con-
tacts, the tip contacts being connected by a
suitaBle conductor in which is inserted the
condenser 9, while the sleeve contacts are
also connected together, having the con-
denser 10 connected in the conductor uniting
them. Asgsociated with answering plug 5,
are the supervisory relays 6 and 7, control-
ling, as usual, the supervisory signal 8;
while in assceiation with the calling plug 16,
are the supervisory relays 11 and 12, con-
trolling, as usual, the supervisory signal 13,
Suitable ringing key connections are illus-
trated, as are the listening-key levers 15, a
test velay 14, and an operator’s talking set
indicated as a whole at L. The particular
line and cord-circuits just referred to are
of a character well known in the art and
further specific reference to their arrange-
ment is nnnecessdry. I have illustrated a
pair of multiple trunk jacks 17 connected by
guitable trunk conductors with a trunking
operator’s cord-circuit M which may be as-
sumed to be at a distant exchange. This
cord-circuit M includes the usual repeating
coil windings 19 having the high resistance
trunk relay 20 connected between the wind-
ings at the answering end of the cord, said
relay 20 controlling the guard or disconnect
lamp ¢ in the usnal manner. The signaling
devices at circuit M include also a key lamp
K arranged to warn the operator whether or
not ringing eurrvent has been applied to the
called line as hereafter explained, and the
ailing supeeyisery lamp C connected 1n cir-
cuit in such way 3s to advise the operator of
the responwe st the called subscriber. The
ringing relay 23 and the sleeve relay 27, as-
sociated with the trunk plug 31, are par-

ticularly congerned in the control of the

vinging current.. The relay 23 is provided
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with two windings, one, a, serving to oper- -

ate the relay to cause the connection of ring-
connected telephone line,
other, b, is so connected with re-
speet to the winding « and a suitable source
of energizing current as to serve at the
proper time to preveni the continued efficacy
of the winding ¢, in which operation the re-
isy 27 tes 28 an owerstive shynt of
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the winding ¢ 1u a manner which will De
more fully explained when the detailed cir-
cuits are described in connection with their
operation. : )

The invention is adapted for use in con-
nection with selective party line ringing and
I have accordingly illustrated at the right
hand of Fig. 1 a party telephone line hav-
ing connected to it the substation H’, while
taps at H* H?® and H* indicate the connec-
tions of other substations similar to H”.
The said substation may, as indicated, be
provided with tuned harmonic bells of any
of the well-known commercial types. The
harmonic genérators G’, G*, G* and G4,
shown asociated with cord-circuit M, are ar-
ranged for connection with the cord strands
by the operation of the ringing key plun-
“ors p’, p*, p* and p*. Thus 1f the operator
depress plunger p’, the generator G’ wiil be
connected to the cord and will project ring-
ing current thereover and over any connect-
ed line of a frequency to ring a substation
whose bell is attuned like that of H’. When
plunger p* is operated to connect generator
G? with the cord, ringing current will be
projected to ring a substation bell attuned
to the second frequency, and so for the
plungers p* and p*. Iach plunger has a
insulated end adapted to close a correspond-
ing contact 37", 372, 87% or 37% and carries
its respective rigid cam member 35, said cam
members having suitable engaging pins
upon the slidably movable rod 84 controlling
the contact spring 88. 'Each generator &
has its appropriate continuously rotating
interrupter I divided into two segments, one
segment of each interrupter being con-
nected to its respective generator, while the
other segments have a common connection
extending to the battery B” having its nega-
tive pole grounded. Further, each inter-
rupter I has a brush connected to the alter-
nate contact 37 of its appropriate generator.
Thus, as any interrupter I rotates, it will
alternately connect its respective generator
G to the respective alternate contact 37 and
then substitute for the generator the battery
B’, this operation being continually re-

eated at intervals of a few seconds, where-
Ey the customary periodic ringing is se-
cured. .

. “When any plunger p is depressed, its cam
'35 first shifts rod 34« downward sufficiently

to free the cam of any previously depressed
plunger whose spriix@V‘Will\“festore it tonor-
mal..- The actuating plunger then closes its
contact 37, and as the downward stroke is
completed thereafter moves rod 34 still far-
ther to clese contact 38—39, The plunger p,
after being fully depressed, is released by
the operator, and its ociated spring
moves it hackward to the “indicating 7 po-
sitio: ; wherein the hool ts cam 85 holds
1t by engaging its s

i
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At this time, the contact 37 will be closed,
but contact 33--39 will be open, a momen-
tary impulse through the latter being all
that is necessary for the operation of the
system. .

. 70
In a complete system, there will of course

be any required number of line cireuits and
the usual lesser numbers of local and trunk
cord-circuits for interconnecting the lines.

Assuming subscriber A desires to talk
with. subscriber H’, the removal of the re-
ceiver at A operates line relay 1 to close
cireuit through and light line lamp 2,
whereon the operator, answering. will in-
sert piug 5 in an answering jack 4, relays 6
and 3 then operating in series by cuarrent
over the sleeve plug and jack contact. The
atiracted armatures of relay 3 open the cir-
cuit of line relay 1 and lamp 2 is retired.
Said armatures also connect relays ¢ and 7
to the line limbs and relay 7 operates by
current over the line, preventing at this
time the display of supervisory sigmal 8.
The operator, depressing levers 15, 15, learns
that the calling subscriber wishes to con-
verse with subscriber H’ in the distant ex-
change and by order wire, indicated at 40,
advises the trunk operator at M of the num-
ber of the subscriber wanted. The trunk
operator then assigns the trunk to be used,
that cne shown in Fig. 1, and the local
operater inserts plug 16 into the trunk jack
17 before her. Relay 11 then operates by
current to ground through impedance 18,
and the supervis ry lamp 13 is accordingly
displayed and the tip cord strand is com-
pleted. Current also finds its way through
relay 11, sleeve contact at 16, 17, wire ¢,
trunk relay 29, of high resistance, say, five
thousand ohms, rétwning over wire ¢ and
to ground through relay 12, which latter,
however, because of the, resistance at 20,
fails to operate at this time, allowing lamp *
13 to continue lighted. Relay 20 at M, how-
ever, operates and displays guard signal ¢ by
current to ground at normal centact 98, unless
the trunk operator has alveady inserted plug
31 in jack 4 of the called line. Before doing.
s0, the operator tests the called line in the
usual way, the common test relay 30 being
provided for the purpose.

Assuming the called line idle, the inser-
tien of plug 31 in a jack thereof operates
relays 27 of the cord and relay 3 of the
called line in series by current from batter
B to ground over the sleeve plug and jack
centact. Relay 3 then connects the lind
limbs of substation H’ to the jack contacts,
while relay 27, by armature 29, completes
the tip cord strand and, by armature 28,.
opens a confact m the circuit of guard
lamp g, pulting it out, and closes a contact
 the civcuits of lamps K and C, which
both light. The operator at M now actuates
plunger p” to connect the proper frequency
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generator G’ and, as previously mentioned,
such actuation results in a continued
closure of contact 37" and a momentary
closure of contact 88—39. The closure of
the latter contact energizes relay 23 by cur-
rent from ground at relay 3 of line I,
over the sleeve cord strand, contact 38—39,
winding a, and to negative battery at B,
it being observed that relay 27 is in shunt
of this circuit. Relay 23, by armature 23,
locks itself to the sleeve cord strand and,
by armature 24, puts out lamp K, whereby
the operator knows that the relay 23 has
properly operated and that the called sub-
scriber is being rung up. Obviously, had
the operitor failed to actuate plunger p’
completely to close contact 88—389, the con-
tinued display of the key lamp K would
warn her of the fact. Owing to the attrac-
tion of armature 26 and the closure of con-
tact 37, the interrupter I’ now avails to
alternately connect generator G’ and posi-
tive battery at B’ through winding 6 of
relay 238, alternate contacts 26 and 29 and
the tip plug and jack contact with the
limbs of line ', across which the harmonic
ringers are bridged as before deseribed.

"Until a respense is made at the called stu-

tion, current from source B’ is ineffective
because of the substation condensers. Gen-
erator current from G’ is, however, effective
and passes through the four substations in
parallel, actnating the bell at H’ only. The
return path of said generator current is
traced through sleeve contact at 4—31,
through alternate contact 25, winding a,
and to ground through the cirveuit of bat-
tery B. Since the two windings of relay
23 are unidirectional, the alternations from
generator G’ have ho operative effect upon
the pesition of the relay armature mecha-
nism, the said relay being practically dif-

- ferential or non-inductive to such alterna-
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tions. The shunting effect of relay 27 .upon
winding « is, so far as concerns the genera-
tor alternations, negligible, since relay 23
provides a relatively non-inductive path
for such alternations, while relay 27 is of
course of considerable inductance. Therve-
fore, since the alternating currents in wind-
ings @ and.b are practically of like quan-
tities and opposed, the presence of the gen-
erator connection has, during vinging, no
effect upon the core of said relay that need

be taken into account, the relay remaining
energized by the- steady. current from B3-

throngh winding ¢ and attragted arma-
ture 25.

Now assume that answer is made at ¥’
in' the “silent interval,” 4. e¢., when inter-
rupter I’ has the positive pole of batterv

B’ connected to spring 37 and winding .
The removal of the receiver at H’ causes

the two 'line limbs to be conductively

65 bridged via the upper hook-switch contacts

“ture mechanism will be retracted.

8

so that current from B’ flows through wind-
ing b, alternate contacts 26 and 29, tip con-
tacts at 31—, over a line limb through im-
pedance coil, hook-switch and transmitter
at H’, back over the opposite line lmb,
sleeve contacts 4—381, then branching, part
of the current flowing through relay 27 and
to ground through battery B, while the
rest flows through alternate contact 23,
winding @, battery B to ground. In this
connection, it will be observed, first, that
the removal of the receiver at the substa-
tion creates a somewhat heavier flow of cur-
rent in winding ¢ than previcusly existed
and that the flow therethrough 1s in the
same’ direction as before; second, that the
current through the winding 4 is in a diree-
tion to tend to induce polarity in the core
of relay 23 opposite to that induced by
winding a.

The current through winding & will have
as a minimum enough effect To neutralize
the effect of winding « upon the core of re-
lay 23 sufficiently so that the relay’s arma-
The ar-
rangement may be such that 1t the cord is
conuected with one of the telephone lines
of the highest resistance, the current
through winding b will, on response, ap-
proximately neutralize the effect of winding
a, whereby the armature mechanisu will ve-
store. Then if the cord were connected with
some line of relatively low resistance, the
response might occasion a flow of current
through winding o of suficient volunie, if
continued, to veverse the core polarity and
build up in the opposite direction. ITow-
ever, when in the case of such short line,
the current through winding % has endured
a suflicient time so that the core is about
neutral, the armature mechanism instantly
restores, opening the cireuits of both wind-
ings, so that the relay will protect itself
against being continued locked by the build-
ing up of a reversed polarity in its core.
Obviously, the arrangemnent is adapted for
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use with lines having very wide resistance

differences.

Tixeellent results may be obtained over

lines of widely differing resistances by mak-
Ing the two batteries B and B’ each of
twenty-four volts, each of the windings «
and & ome hundred and sixty ohws, the
winding of relay 27 of one hundred 'ohms,
and those of cut-ofl relays 8 of the lines
five hundred ohms. However, these char-
acteristics may be varied, the only limiting
restriction being that the winding & op-
pose the winding ¢ sufliciently to velease the
armature mechanism at the proper times,
- The response at sabstation I’ has accord-
ingly meodified the magnetization of the
core of relay 23 to an extent causing the re-
traction of its armature mechanism, .

Circuit through both windings of relay
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23 being now opened, the relay remains in-
ert. The closure of normal contact 26

causes relay 21, which may have one hun-
dred ohms resistance, to operate by current

5 through substation H’, and sajd relay, by
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its left-hand armatures, ettablishes the talkl
Ing cireuit at repeating coil 19, one of said

‘armatures shunting the five’ thousand ohm

relay 20 so that sufficient current” will flow
through relay 12 at the local cord to actuate
its armature, whereby supervisory signal 13
1s retired and the local operator advised of
the response. Further, relay 22, which may
be of five hundred ohins resistance, operates
by current through the attracied right arma-
ture of relay 21, flowing to ground through
the alternate contact 28, and locks via alter-
nate contact 33. The opening of normal
contact 33 puts out calling lamp C so that
the {runk operator is advised of the response.
Calling subscriber A and called subscriber
H’ are now in conversation, the substation
transmitters being energized by the central
batteries. When subscriber A’ replaces his
receiver, the circuit of relay 7 is opened and
signal 8 is displayed. When subscriber H’
replaces his receiver, the circuit of relay
21 is opened, the relay’s armatures retraet,
and the low resistance shunt about relay 20
is opened so that the current through relay
12 at the local cord is diminished fo a point
where' its_armature retracts to display sig-
nal 13. Both signals 8 and 13 heing now
displayed, the local operator withdraws
plugs 5 and 16, restoring to normal the eall-
ing line and the local cord. The withdrawal

of plug 16 deéncrgizes relay 20 and its ar-’

mature lights guurd lamp. ¢ by carrent
through normal right-hand switéh contact
of relay 21, alternate contact 28 to ground.
The display of the signal ¢ while K and C
are undisplayed warns the operator to with-
draw plug 31, which act restores the called
line and cord M to normal. As before
stated, whichever plunger p has been de-
pressed will remain in the indicating posi-
tion until another plunger is depressed. It
will be seen that owing to the joint control
of lamp ¢ by relays 20 and 21, ‘and the fact
that when one is energized the other is deén-
ergized, the operation of lamp ¢ as a dis-
connect signal by current to ground at alter-
nate contact 28 will only take place when
plag 16 is withdrawn.

If the response is made at the called sta-
tion H” during a ringing interval, the cur-
rent which then flows will also operatively
affect the relay 23 to detnergize it, owing to
the altered vesistance at the. substation, the
generator current will at some period of its

“alternations substantially neutralize the core

65

of the relay 23.

The connections shown in Fig. 2, apply-
ing my invention to a local cord-civcuit in
a two-wire system, are in general quite simi-

1,088,037

lar to those of Fig. 1. Here the relay 23 is
associated with the calling plug 16 ‘of the
local cord and the sleeve supervisory relay
11 serves for the shunt for winding ¢ and in
the control of key lamp K. In tﬁe present
case, I have substituted a direct current gen-
erator B, having its negative pole

_grounded, for the battery B” of Fig. 1.

The mechanisms associated with plungers p
in Fig. 2 are the same as those of Fig. 1 and
operate in like manner. ‘

In Fig. 2, the subscriber A initiates his

call and the operator answers as in Fig. 1.
Learning the number of the called line, she
tests her multiple jack of that line, the test
relay 14, provided for this purpose, being in

80

this instance adapted for conneciion with

the tip plug contact by the cperation of the
listening key. Finding the line of H’ idle,
the operator inserts plug 16 in a jack 4,
which act-energizes relays 11 and 3 in series,
and she then actuates the proper plunger P
to supply ringing current of the required fre-
quency. As before, momentary, closure of
contact 38—39 operates relay 23, establish-

ing a flow of current from ground through-

cut-off relay 3 of the called line, sleeve con-
tact 4—I16, tnence in shunt of relay 11,
through contact 38— 38, winding a to nega-
tive battery at B, whereupon armature 25
locks the relay 28 to maintain it operated.
As before, arm -ture 2.4 puts out key lamp
K, and armature 26, being attracted, con-
nects' the'rmging surrent with the tip of
plug 16 4nrl so to. the called line circuit, via
the attracted right armature of relay 11,
If response is made in the silent interval,
current from positive pole of B? flows
through 1’, 37/, 8, in a direction to induce
magnetism to oppose the magnetic effect of

' winding @, over the called line and back to

ground through.the circuit of battery B, the
return  cireuit including parallel ‘paths
through relay 11 and winding @. The core
of relay 23 is by this.current affected to re-
leage its armature mmechanism, which re-
stores to normal. The closing of normal
contact 26 operates relay 12 Dy connecting
it with the called line. " The attracted ar.
mature of relay 12 puts out lamp 13 which
was displayed from the time the operator
connected with the called line to cause the
attraction of the left armature of relay 11.
By such putting out, the operator knows
that the called” subscriber has answered.
1 Further, the attraction of the armature of
relay 12/0perates the closing relay 41 which,
bylarmature 43, locks to ground at the at.
tracted gqrmagure of relay 7, by arrhatures 42
and' 43 completes the talking circuit at the
cord, and by armature 44 prevents redisplay
of key lamp K. When-af the conclusion of
conversation, subscribers A and H’ replace
their receivers, they deénergize respectively
relays 7 and 12, to display the signals 8 and
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18. - When both are displayed, the operator
withdraws plugs 5 and 16, restoring the line
circuits and the cord-circuit to normal.
The locking contact 43 of relay 41 has its
circuit controlled by the armature of relay
7 in order that, if both subscribers depress
their hock-levers, the relay 41 may unlock

-and deénergize. Asswning that subscriber

H’ prematurely replaces his receiver and
subscriber A wishes the operator to again
signal substation ¥’; subscriber A will de-
press and elevate his hook-lever a few times,
thus “flashing” lamp- 8 to secure the op-
erator’s aftention. The first depression of
the hook-switch will, by deBnergizing relay
7, cause deénergization of relay 41, which

then remains deénergized, until the operator

has, at the salling subscriber’s request, again
actuated thé proper plunger to ving the
called subscriber and the latter has rve-
sponded. By the arrangement mentioned
of relay 41, key lamp X is brought oper-
atively into the operations when a called
subscriber has to be rerung, and during the
reringing the cord is opened at 42, 45, so
that ringing current eannot reach the call-

-ing line. In the present instance, battery

B, having its positive pole grounded, may
be of one hundred volts, windings a and
may be each of one hundred and sixty ohms,
the windings of relays 11 and 12 of one hun-
dred ohms each, while the windings of the

“cut-off relays 3 of the lines may have five

hundred chms resistance. Vhile other
values may obviously be assigned, the above

give excellent results. In the presemt case,
response during the ringing interval also

releases the relay 23, as explained irfednneés-:

tion with the previous figure.

In applying my invention to a three-wire
system, shown in Fig. 8, a somewhat differ-
ent arrangement from those previeusly de-
scribed is employed. Here, upon the actua-
tidn of a plunger p, the closure of contact
38—39 connects the energizing winding « in

geries with the impedance 64 from grownd

‘at 29 to negdtive battery B, whereafter tha

wttraction of armature 68 continues curreng
<hrough 64 and ¢ from ground at 59 and
The winding,
64 is, however, in shunt of winding ¢ with
respect to the circuit extending from the
ringing key through the contact 87, winding
b, over the limbs of the called line H’ an

back to armature 67, so that when, on the

" response, direct current from source B®

60

flows cver the line, said impedance 64 serves
in adjusting the current flow in winding «
o that the required magnetic effects upon
the core of relay 23 are secured. In calling,
snhscriber A removes his receiver, energiz-
ing relay 51 which lights lamp 52, in re-
sponse to whose signal the operator connects
plung 35 with a springjack 54, thereby con-
necting the heavily marked talking conduc-

" over current flows, lighting lamp .

tending to ground at 59.

¢

tors of the cord with the line linbs, so that

current circulates from B, through relay 57,

over the line limbs, and returns to ground
through the left upper winding of repeat-
ing coul 56. The armatures of relay 57 thus
attract, the lower one shunting supervisory
lamp 58 to prevent its display at this time.

-Over the third plug and jack confact, relay

53 receives current from battery B and its
armatures deénergize velay 51, so that signal
52 1s retired. The operator counecets her
listening set L and learns that subseriber ¥
is wanted. Assuming the usual test shows
the called line to be idle, she inserts plng
69 in a multiple jack 54 of the called line,
when current will flow from ground at cut-
off relay 53 of line ', through sleeve plug
and jack contaet, Jamp 03, relay 61 to nega-
tive battery B. Supervisory signal 63 is ac-
cordingly displayed and relay 53 operates to
disconnect line relay 51. Relay 61 also op-
erates, whereon a eircuit may be traced from
ground at 59, armature of relay 61, normal
contact 68, key lamp X to battery, where-
As
above indicated, when now the operator ac-

tuates plunger p”, relay 23 energizes and at-

tracts its armatures, whereof 68 establishes
the maintaining circnit for winding e, ex-
As long as the
substation switch remains depressed, the

current alternations from the ringing gen-
erator will have no operative effect upon the
armature mechanism of relay 23, since the
windings are disposed to he substantially
non-inductive to the ringing alternations,
and impedance 64 forces by far the greater
part of such currents to find their return
through the winding « to battery B. If the
subseriber responds in the silent interval,
the current from generator B3, having its
negative pole grounded, flows through wind-
ing b over the line limbs, through the raised
hook-lever at substation H”, returning te the
attracted armature 67, and over parallel
paths through windings 64 and . Sufficient
current will traverse the winding & in a di-
rection tending to neatralize the magnetic
effect of winding « to cause the relay 23 to
permit the retraction of its armature mech-
anism. The retracted armatures of the re-
lay 28 place both its windings on open cir-
cuit. Armatures 66 and 67 close circuit as
follows: from ground, through the upper
right-hand winding of repeating coil 58,
contact 66, tip plug and jack contact 69—154,

the hook-lever and transmitter at H’, re-

turning through the sleeve talking contact
at 54—~69, normal contact 67, supervisory re-
iay 60, and to negative battery B. Relay
60 attracts its armature to retire supervisory
signal 63 by connecting the low resistance:
winding of relay 62 in shunt of said signal.
Relay 62 accordingly operates and attracts
its armature, locking itseif in series with the
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trotled in an obvious manner by th

(1

‘3

lamp K to ground at59. Assuming the lamp
K to be an ordinary twenty-four volt switch-
board lamp, and the right winding of velay
62 to have a resistance of, say, five hundred
ohms, the lamp K will be extinguished at
this time so that the retraction of armature
68 does not cause a renewed dispiay thereof.
When the subscribers at A and I’ replace
their receivers, they dednergize, respectively,
the supervisory 1'efays 57 and 80, whose re-
tracted armatures remove the shunts from
supervisory signals 58 and 63, which are
displayed,” warning the operator to with-
draw the plugs 55 and 69, Upon the with-
drawal, the line circuits and the cord-ecir-
cuit will be at normal. Tf the subscriber H’
prematurely replaces his receiver, and sub-
seriber A, by depressing and elevating his
hook-switch, thus flashing lamp 59, signals
the operator and asks her to ring subscriber
H’ a second time, the depression of the hook-
lever at A will, by deénergizing relay 57,
have caused the locking circuit of the right
winding of relay 62 to be opened, whereby
said relay deénergizes and key lamp K is
brought into operative relation with the
ground at 59 as soon as the hook-lever at
substation A is raised, so that the lamp K,
in the re-ringing process, as before, serves
to warn the operator if she falls to fully
actuate the ringing plunger. In the present
instance, the following values will be found
to give satisfactory results: for direct etir-
rent generator B?, having its negative pole
grounded, one hundred and twenty-five
volts; and for battery B, having its pesitive
pole grounded, twenty-four volts. The
windings ¢, # and 64 may each be of two
hundred and fifty ohms resistance. The
winding of relay 61, and the non-inductive

resistance connected between battery B and .
_lamp 58, may each he of eighty-three ohms,

while the left-hand winding of relay 69 and
the shunting resistance for lamp 58 may be
of forty ohms. The cut-off relays 53 of the
lines may be of the usual resistance, ap-
proximating thirty ohms,

Tu the structure of Fig. 8, the removal of
the recciver at FI’ during the ringing in-
terval will, ‘as in the previous cases, avail
to cause the relay 23 to permit the release
of its armature mechanism,

Yeferring to Fig. 4, the telephone system
there illustrated is anite similar in general
arrangenient to that of Fig. 3. TTere, how-
ever, a relay 72 having a single winding is
provided for controlling the connection and
disconnection of the ringing mechanism.
This relay is fvst operated en actuation of a
plunger p, by current from ground throngh
contact 89---28 to negative baltery B, said
relay then locking, by alternate contart 75,
to ground at 59. The key Lunp I s con-

witcéh

contact 75. While relay 72 is onerated, the

o ——
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current from a connected generator G will
flow through alternate contact 74, over the
line limbs to X', actuating the substation
hell, returning through the sleeve talking

-contact at 5469 and to the attracted arma-

ture 76, at which point, owing to the non-
inductive shunt furnished by resistance 73
about the relay 72, the greater part of gen-
erator current will flow to ground through
the circuit of battery B without passing
through the winding of 72, so that said
rvelay will not be deénergized by the ringing
current. Assuming in the present cage that
the called subscriber responds during the
sitent interval, direct current from the gen-

erator B2, having ils negative pole ground-

ed, will be connected through the raised
hook-lever at the substation with attracted
armature 76, at which point the curvent will
divide, a part flowing to negative battery
B3, while the remainder will find its return
through relay 72 to ground at 9. The
potential thus produced at attracted arma-
ture 76 avails to oppose the current pre-
viously flowing through the relay 72 so that
its core has its induced magnetism reduced
to an extent such that its armature mecha-
nism is restored to normal. That above
indicated is a minimum requirement. Pref-
evably, however, the resistances of the
various devices are so proportioned that
the connection of the source I3* on the re-
spense from a line of relatively low resist-
ance will serve to not only neutralize the

core of relay 72, but to tend to build up’

therein a polarity opposite to that pre-
viously existing. 1y such reversal, a re-
Hable throw-back of the armature mecha-
nism is seeured and at the same time an
adequate margin is secured when the relay
is to be operated by current over lines of
high resistance, in which cases the poten-

tial at attracted armature 76 may not be -

suffictent to mwore than reduce the magnetism

-of the core of relay 72.

The detailed operation of the apparatus
of Fig. 4 is sufliciently obyious from the
description given in connection with Fig.
3 and need not be referred to more ex-
tensively. Removal of the receiver at H’
in the ringing interval will release the relay
72, since, because of the change of resist-
ance at the substation, the generator current
will at soimne period of its alternations sub-
stantially neatralize the direct current pass-
ing through said relay.

Values suitable for the structure of Fig.
4 are, for the hattery B, having its positive
pole grounded, twentyv-four volts; for the
direct current generator B2, having its nega-
tive pole gronnded, one hundred volts; for
the winding of relay 72, five hundred ohms,
_;mé?. for

vaine

chms, although of course other
s may be employed.

non-inductive resistance 73, three,
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It will be understood that the drawings
are purely diagrammatic in character and
no attempt has been made td indicate the
precise mechanical embodiments of the
various mechanisms.

That various changes may be made in the
precise methods shown. and described, is
obvious. For instance, the use of polarized
elecilomawnehc devices will readily suggest
itself to those skilled in the art as a moans
adapted to secure a modified form of this
invention; or the employment of so-called
double-acting relays, in which a limited
energization 1s produced to cause one opera-
tive position of the switch contacts, and &
greater energization to produce another
posmon of the switch contacts, would be. a
means likely to nggeet. itself to those de-
siring to pmctlce my invention in modified
form Thus, in a O'eneml way, the present
invention oontemphtes the use of a single
relay which, in the first instance, is eon-
nected in closed cireuit with a source of clir-
rent to operate to connect ringing current
with a. line, whereafter an additional cir-
cuit is established for it to cause a further
electromagnetic influence to be impressed
upon it, wherebv the relay opens the con-
nection to the source of ringing current.

I claim as my jpvention:—

1. A telephone system including a tele-
phone line, a connection for pro;ectmw sig-
naling current thercover, a relay for dosmw
and opening said connection, a circuit for
initially energizing said relay, a connection
controlled bv said relay for locking it dur-
ing signaling, a source of current, and a
switch at the substation of said line for op-
eration to conductively unite a pole of said
source with said relay, said relay being then
eﬁectue to open said connection.

2. A telephone system including a tele-
phone line, a ednnection for projecting sig-
naling current thereover, a switch contact
included in said connection, a relay, means
for effecting a flow of current through said
relay to cause it to close said contact, and a
switch connected in said telephone line and
in circuit with said relay for effecting a dif-
ferent flow of current through said 1ehy to
cause it to open said contact

3. A telephone system including a tele-
phone line, a connection for.prejecting sig-
naling current thereover, a switch contact
included in said connection, a relay, means
for effecting a flow of current through said

. relay to cause it to close sdid contact, a
locking contact of said relay operated re-
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sponsive to said flow to maintain saidy relay
energized, and a switch connected in said
telephone line and in éircnit with said ‘Felay
for effecting a different flow of current
through said relay to cause it to open said
contact

4. A telephone system ;ncludmg a tele-

phone line, a swnahng source for connectlon
therewith, switch mechanism, a relay serv-
ing when’ energized to operate said mecha-
nism to connect said source to said line, and

a circuit including a switch contact of said.

7

70

relay and the limbs of said telephone line

for passing current through said relay to
cause it to disconnect said source from said
hne

5. A telephone system 1nclud1n0' a tele-
phone line, a sm‘mlmg source for connection
therethn switch mechanism, a relay -serv-
ing when energized to operate said mecha-
nism to connect said source to said line, and
a circuit including the limbs of said tele-
phone line for passing current through said
relay to cause it to disconnect said source
from said line.

6. A telephone system including 2 tele-

'phone line, a source of signaling current, a

relay and switch mechanism actuated there-
by when said relay is energized to connect
said source and line, a locking cireunit hold-
ing said relay energized during signaling,
sald telephone line having a substation con-
nected in shunt of said lockmtr circuit, and a
substation switch controlling ‘the line circuit
adapted to pass current through said relay
to cause it to alter the connectiohq of said
sw1tch mechanism.

. A telephone system mdudmg a tele-
pnone line, a connection *fmfl «projecting sig-

naling current thereover, a relay for cfosmg

and openin said connection, a circuit for
mltnlly energizing said relay, a connection.
controlled by said relay for 1oclx1ng said re:
lay when it is initially enqrgized, a winding
for said relay, a sotirce 01: cu1rent and a
switch at the snbstation of said line "for op-
eration to conductively unite a pole of said
source to said winding, said relay being then
eﬁectlve to open said lockma connection.

8. A telephone system 111cludmg telephone
hnes a link-cireuit for interchangeable con-
nection therewith, a source of current. for
connection with said link-circuit to signal a-
connected telephone line, a switch contact
controlling connection and disconnection of
said source and etrcuit, a relay, a cireuit lo-
cal to the exchange for effecting a flow of
current through said relay to cause it to hold
said contact closed a locking switch contact
of said relay 1ncluded in said circuit, and a
switch at the substation of a connected tele-
phone line in circuit with said contact and
adapted when closed to effect a different
flow of current through snd‘reluy to cause it
to open said contacts.

9. A telephone system lncludmg telephone
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lines, a link-circuit for interchangeable con- 125

nection therewith, a soutrce of current for
connection with said link-circuit to signal a .
connected telephone line, a switch contact
controlling connection and disconnection of
said source .and circuit, a relay controlling
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said contact -a winding.of said relay adapt-

ed to be energlzed by current local to the ex-
change to cause said relay to close said con-
tact, a second winding for said relay con-

- nected with said telephone line in- response

to the energization of said first winding,
and a switch in the connected telephone line
for effecting an energization of said second
winding to cause said relay to open sald con-
tact.

10. A. telephone syqtem including tele-
phone lines, a link-circuit for interchange-
able connection therewith, a source of cur-
rent, for connection with said lirmk-circuit to
signal a connected telephone line, a switch
contact eontrolling connection and disconnec-
tion of said source and circuit, a relay con-
trolling said contact, a winding of said relay
adapteu to be energ1zed by current local to
the exchange to cause said relay to close said
contact, a second winding for said relay, and
a hook-switch in the connected telephone
line effective on a response thereover to en-
ergize said second winding in opposition te

said first winding, ~whereby said relay opens

said contact.

11. A telephone system including tele-
phone lines, a link-cireuit for interchange-
able connection therewith, a scurce of cur-
rent for connection with said link-cirenit
to signal a connected telephone line,a switch
contact controlling connection ard discon-
nection of said source and circuit, a relay
controlling said contact, a winding of said
relay adapted to be energized by current
local to the exchange to cause said relay to
close sajd contact, a second winding for said
relay connected responsive to the energiza-
tion of said first winding with said Telo-
phone line, and a hook-switch in the con-
nected tolephom line effective on a response
thereover to energize said second winding
in opposition to said first winding whereby
\fud relay opens said contact.

A tdlephone system including tele-

: plmne lines, a link-eircuit for interchange-
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able eonnegtion therewith, a source of cur-
rent for connection with said link-circuit to
signal a connected telephone line, a switch
contact controlling connection and discon-
nection of said ‘source and cirvcuit, a relay
having two windings and contml]mg said
contact, means.for 'mhailv energizing said
relay to close said contact, conductors for
said link-circuit i civenit with the limbs of

- one of said lines and extended to connection
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with said Windinm respectively by the ener-
gization of said relay, ronnections for pass-
ing current from said signaling source over
sald . telephene  line  and differ entially
through said windings, said relay being un-
responsive. to the sig m]mfr eurrents, und a
switeh at the substation adapted on response
to close a conductive muut ﬂuough said
second winding whereby said relay receives

'relay being unresponsive to the s

1,038,087

current to operatively neutralize said first
winding.

13. A telephone system including tele-
phone lines, a link-circuit for interchange-
able connection therewith, a source of cur-

rent for connection with said linlc-cirenit to

signal a ‘connected telephone line, a gwitch
contact controlling conucctlon and discon-
nection of said source and circuit, a relay
having two windings and controlling said
contact, means for imtlallv energizing said
relay to close said contact, n lnddnrr eir-
cuit completed by the enorgvod rela ay to
maintain it in, closed circuit, sald lecking
circuit including one of said \\*J,ndings, con-
ductors for said link-circuit in cireuit with
the limbs of one of said lines and extended
to connection with said wmdmgs respec-
tively by the energization of said relay, con-
nections for passing current from said sig-
naling source over said telephone line and
differentially through said windings, said
signaling
currents, a switch at the substation fuldptul
on respense to close a conductive circuit
through said second winding, and a resist-
ance at the exchange connected in circuit
with one of said windings and proportioned
to adjust the flow of current through said
windings on the response to operativ n]v de-
magnetize said relay.

14. A telephone system including tele-
phone lines, a link-circuit for interchange-
able connection therewith, a sowrce of cur-
rent for connection with said link-circuit to
signal a connected telephone line, a switch
contact controlling connection and discon-
nection of said source and circuit, a relay
having two windings and controlling gaid
contact, means for 1m(iallv ener rrumg, mnd
relay to close said contact, sconduerors fop
said link-circuit in circuit with tite limbs
of one of said lines and extended to connec-
tion with said windings respectively by the
energization of said relay, connections for
passing current from said signaling source
over said telephone line and dlﬁ'ejcntl.llly
through said windings, said relay being un-
responsive to the signaling currents, a switch
at the substation ad.xpted on response to
close a conductive eircuit through said see-
ond winding, and a resistance at the ex-
change connected in circuit with one of said
mndlngs and proportioned to adjust the
flow -of current through said windings on the
response to opemtnely demagnetize said re-
lay

15.. A telephone system including tele-
phone lines, a link-circuit for mtmdmnﬂu
able connection therewith, a source of cur-
rent for connection with said link-cirenit to
signal a connccted telephone line, a switch
contact controlling connection and discon-
nection of said source and civeuit, o relay
having two windings and controlling said
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contact, means for initially energizing said

relay to close sald contact, a locking cir-

cuit completed by the energized relay to

maintain it in closed circuit, said locking
g circuit including one of said windings, con-
-ductors for said link-circuit in circuit with
the limbs of one of said lines and extended
to connection with said windings respec-
tively by the energization of said relay, con-
nections for passing current from sald sig-
naling source over said télephone line and
differentially through said windings, said
relay being unresponsive to the signaling
currents, a switch at the-substation adapted
15 On rés bonse to close a conductive cirenit
through said second winding and an nduc-
tive device connected in shunt of sald first
winding and offering high impedance re-
sistance to the signaling currents, said device
being proportioned to adjust, upon response
at the substation, the current flow through
gaid windings to operatively demagnetize
said relay.

18 A telephone system including tele-
pbone lines, a link-circuit for interchange-
able connection therewith, a source of cur-
vent for:éonnection with said link-circuit to
signal a connected telephone line, a switch
contact controlling connection and discon-
nection of said source and circuit, a relay
having two windings and controlling said
contact, means for initially energizing said
relay to close said contact, a locking circuit
completed by the energized relay to main-
tain it in closed cireuit, said locking circuit
Jncluding one of said windings, conductors
for said link-circuit in circuit with the limbs
of one of said lines and extended to connec-
tion with said windings respectively by the
energization of said relay, connections for
passing current from said signaling source
over said telephone line and differentially
through said windings, said relay being un-
responsive to the signaling currents, a
switch at the substation adapted on response
to close a conductive civcuit throngh said
second winding, an inductive device ton-
nected in shunt of said first winding and
offering impedance to the signaling currents,
said device being proportioned to adjust,
upon response at the substation, the current
flow throygh said windings to operatively
demagnetize said relay, and an armature re-
leased upon such demagnetization to effect
disconnection of said windings and said con-
ductors and the opening of said lecking
circuit. ’ .

17. A telephone system comprising a tele-
phone line extending from a central station
to a substation, a call-receiving device and
a hook-switeh at the substation, calling ap-
paratus at/the central office, a relay oper-
ating on energization to put said calling ap-
paratus to line, and a contact of said switch-
65 hock for closure in circuit with said relay,
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controlling its energization to disconnect
said calling apparatus.

18. In a telephone system, a telephone line
extending from o central station to a sub-
station, a call-receiving device and 2 hook-
switch .at the substation, calling apparatus
at the central ofiice, a relay operating on
energization by current local to the exchange
to put said calling apparatus to line, and a
contact of said switch-hook for closure.in
circuit with said relay, controlling its con-
nections to catuise it to disconnect said call-
ing apparatus. :

19. In a telephone system, a telephone line
extending from a central station to a sub-
station, o eali-recelving device and a hook-
~«itely at the substation, calling apparatus
at the ceniral office, a relay operating on
energization to put said calling apparatus
to line, and a contact of said switch-hook
for closure in eircuit with said relay, adapt-
ed to control it to disconnect said ecalling
apparatus.

P

90. In a telephone system, a telephone line.

extending from a central station to a sub-
station, a call-veceiving device and a hook-
switch at the substatlon, calling apparatus

‘at the central office, a relay operaling on

energization by current local to the ex-
change'to put said calling apparatus to line,
and a contact of said switch-hook in circuit
with said relay for closure to cause said re-
lay to disconnect said calling apparatus.
21. A telephone system including a tele-
phone line extending from a central sta-
tion to a substation, a call-receiving device
and a hook-switch at the substation, calling

apparatus at the central office, a relay oper--

ating on energization te put said caliing ap-
paratus to line, and a contuct of said switch-

hook for closure in circuit with-said relays

controlling its connections to cause it to dis-
connect said calling apparatus.
A telephone system including a tele-
phone line extending from a central station
to a substation, a call-receiving device and
2 hook-switch at the substation, calling ap-
paratus at the central office, und a relay op-
erating on energization to connect said call-
ing apparatus to line and directly actuated
by current in said line to disconnect said
calling apparatus.

93. A telephone system including a tele-
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phone line extending from a centrai station

to a substation, a call-receiving device and
a hook-switch at the substation, calling ap-
paratus at the central office, and a relay di-
rectly operated by current to commnect said
calling apparatus te line and directly oper-
ated by curreni in the line to disconnect
said calling apparatus.

24. A telephone system iacluding a tele-
phone line extending from a central station
to a substation, a call-receiving device and
2 hook-switel at the substation, calling ap-
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paratus at the central office, and a relay
directly operated by current controlled at
the exchange to connect said calling appa-
ratus to line and directly operated by cur-
rent through the subsfation to disconnect
said calling apparatus. ’

25. In a telephone system, a telephone
line extending from a substation to the ex-
change, a signal-receiving device and a
switch, at the substation, signal-actuating
apparatus, a relay, a circuit adapted when
closed to produce and maintain an initial
energization of said relay, a switch con-
tact of said relay actuated in response to
said initial energization to connect said line
with said relay, a source of current to pro-
duce a different energization of said relay
on the closing of said substation switch, and
a switch contact of said relay actuated in
response to said initial energization to con-
nect snid apparatus to said line and to said
different energization to disconneet said ap-
paratus from said line.

26. In a telephone system, a telephone
hine extending from a snbstation to the ex-
change, a signal-receiving device and a
switch at the substation, signal-actuating
apparatus, a relay, a cireait local to the ex-
change adapted when closed to produce and
maintain an initial energization of said re-
lay, a source of curreut to produce a differ-
ent energization of said relay on the closing
of said substation switch, and a switch con-
tact of said relay ‘actuated in response to
said initial energization to connect said ap-
paratus to said line and to said different
energization to disconnect said apparatus
from said line.

27. In a telephone system, a telephone
line extending from a substation to the ex-
change, a switch at the substation, signal-
actuating apparatus, a relay, two windings
for said relay, means for initially energizing
said relay by closing a circuit local to the
exchange through one winding of said relay,
a source of current to produce a different
energization of said relay on the closing
of said substation switch by passing current
through said other winding, and switch
mechanism of sajd velay actuated in re-
sponse to said initial energization to con-
nect said apparafus to said line and to said
different energization to disconnect said ap-
paratus from said line.

28. A telephone system including a tele-
phone line extending from » swhstation to

“the exchange, a switch at the substation,

signal-sctuating apparatus, a relay, a cir-

‘euit to initially energize said relay, a switch
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contact of said relay netuated in response
to said initial energization to connect said
line with said relay, a source of current to
produce a different energization of said re-
lay on the closing of said substation switeh,

and a switeh contact of said relay actuated:

1,038,037

in response to said initial energization to
oonnect said appuratus to said Iine and to
said different ecnergization to disconnect said
apparatus from said line.

29. In a telephone exchange system, the
combination with a telephone line extend-
ing to an exchange, of a substation switch-
hook, an electromagnet connected in a con-
trolling circuit, a first branch of said circuit,
a second branch of said circuit including a
contact of said switch-hook, means where-
by current in only the first hranch causes
one energization of said magnet and cur-
rent in bhoth branches causes a different
energization of said magnet, and calling ap-
paratus at the exchange connected to line

“by operation of said magnet in response to

said one energization and disconnected from
line by the operation of said magnet in re-
sponse to said different energization.

30. In a telephone exchange system, the
combination with a telephone line extending
to an exchange, of a substation swiich-hook,
an electromagnet connected in a controlling
ciyeuit, a first branch of said circuit, a sec-
ond branch of said circuit ineluding a con-
tact of said switch-hook, means for causing
crirrent in the first branch teo cause one ener-
gization of said magnet, means controlled
by said contact to close a eireuit of said
second branch to cause u different energiza-
tion of said muagnet, aud a connection for
operatively establishing ringing current to
line, said conneciion being closed by said
one energization and later opened by said
other energization.

3l. In a telephone exchange systemn, the
combination with a teleplione line extend-
ing to an exchange, of a substation switch-
haok, an electromagnet connected in a con-
trolling circuit, a first hranch of said cir-
cuit, a second hranch of said ecirenit inelud-
ing a contact of said switeli-block, means for
causing current in the first branch to canse
one energization of said magnet, means con-
trolled by said contact to alter said eireuit
so that current flows in both branches to
produce a different encrgization of said
magnet, and calling apparatus at the ex-
change connected to line by operation of
said magnet in response to said one energi-
zation and disconnected from line hy the
operation of said magnet in response to said
different energization.

32. In a telephone exchange svstem, the
combination with a telephone line extending
to an exchange, of a substation switch-hools,
an electromaguet connected in a controlling
circuit, a first branch of said eireait, n sec-
ond branch of said circuit including a con-
tact of said switch-hook, means whereby
current in only the first branch canses one
energization of said magnet and eurrent in
both branches causes a different energiza-
tion of said magnet, and a connection for
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operatively establishing ringing current to
line, said connection being closed by said
one energization and later opened by said
other energization. :

33. A telephone system including a ter-
minal contact, a link-circuit having a con-
nection device adjustable to connection with
said contact, signal actuating means asso-
ciated with said circuit, a switch for actus-
tion to cause connection of said means with
said circuit, a signal for said switch sctu-
2wd In response to connection of said de-
vice with said contact, means for altering

" the indication of said” signal when said
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switch is actuated, and means for maintain,
ing the altered indication when said switch
is restored. '

34. The combination with a telephone
line, of an operator controlled connection
device adapted for adjustment to connection
with said line, a swilch for applying call-
ing current-to said line, a signal for said
switch sensitive to connection of said device
and line, medns for retiring said signal
when “said switch is actuated, and means
for preventing restoration of said signal on
restoration of said switch.

'35. In a telephone system, the combina-
tion with a telephone line, of an operator’s
link-circuit having a normally open con-
tact in the talking circuit and connected
with said line, signal-actuating apparatus
for said cireuit in operative relation with
said line, a relay .controlled over the line
circuit for terminating said relation, a
snpervisory relay controlled through con-
tacts of said relay, and an armature for
sald supervisory relay for directly closing
said normally open contact when said rela.
tion is terminated.

36. In a telephone system, the combina-
tion with a telephone line, of an operater’s
link-circuit having a normsally open contact
in the talking circuit and connected with
said line, signal-actuating apparatus for
said circuit in operative relation with said
line, a relay controlled by a response over
said line for terminating said reiation, and
a second relay adapted to be operated by
current-over said telephone line for closing
said normally open contact in response {o
the operation of said relay. ,

7. In 2 telephone system, a pair of tele-
phone lines, a link-circuit connected to said

‘lines, a repealing coil interposed between

.

“said lines in a circuit normally inductively

discontinuous at the exchange, signal-actu-
ating apparatus, a switch and associated
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relay operative to associate said apparatus
with one of said lines while leaving said
repeating coil circuit inductively discon-
tinuous at the exchange, a second relay con-
trolled by said first relay and operative by
current over one of said lines to render said
repeating coil circuit inductively continu-
ous at the exchange.

38. In a telephone system, telephone lines,
& link-circuit normally inductively~ discon-
tinuous at the exchange, a repeating coil
interposed in said link-cireuit, meéans for

connecting the opposite ends of said link-

circuit each to a different line while leaving
said link-circuit inductively discontinuous
at the exchange, ringing apparatus and an
operator’s key for said circuit for actuation
to operatively associate said apparatus with
a connected line while leaving said link-
circuit induetively discontinuous at the ex-
change, n.eans controlled over said con-
nected line fo terminate the operative
association of the ringing apparatus there-
with, and a device for rendering said link-
circuit inductively continuous at the ex-
change after operation of said means.

39. In a telephone system, two conmected
telephone lines, a repeating coil circuit in-
terposed between said lines and normally
inductively discontinuous at the exchange,
ringing- apparatus and an operator’s key
for actuation to operatively associate said
apparatus with one connected line while
leeving said repeating coil cirenit induc-
tively discontinuous at the exchange, means
controlled over said one line to terminate
the operative association of the ringing ap-
paratus therewith, and a supervisory relay
operating in response to sai’ means to ren-
der said repesting coil circuit inductively
continuous at the exchange.

40. A telephone system including two
connected felephone lines, a ringing genera-
tor, a switch adapted when actuated td
effect connections including the ringing gen-
erator in circuit, a repeating coil -interposed
between said lines in an mductively dis-
continuous cireuit, and electromagnetic
means operated when ithe substation tele-
phone is removed from the hook to restore
R . . 2.
said switch and to render said circuit induc-
tively continuous.

In witness whereof, I hereunto subscribe
my name this 24th day of Nov., 1908.

HARRY G. WEBSTER.

Witnesses:

CaroLy~y WesER,
G. E. MuzLizEr. .
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